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13 Additional documents filed herewith: PCT Transmittal Letter, English Translation of Specification/Declaration/Form 
PTO-1449/Information Disclosure Statement/International Search Report 
Drawings (4 sheets)/Letter Requesting Entry of Substitute Drawings/Substitute 
Figures (lVList of Related Cases/Cited Pending Applications (1)/Check for 
$890.00 



The Fee has been calculated as shown below: 



CLAIMS 


CLAIMS 
REMAINING 




HIGHEST 
NUMBER 
PREVIOUSLY 
PAID 


NO. 
EXTRA 
CLAIMS 


RATE 


CALCULATIONS 


TOTAL 


18 


MINUS 


20 


0 


x $18 = 


$0.00 


INDEPENDENT 


2 


MINUS 


3 


0 


x $84 = 


$0.00 






□ MULTIPLE DEPENDENT CLAIMS 


+ $280 = 


$0.00 






TOTAL OF ABOVE CALCULATIONS 


$0.00 






□ Reduction by 50% for filing by Small Entity 


$0.00 






□ Recordation of Assignment 




+ $40 = 


$0.00 






TOTAL 


$0.00 



□ A check in the amount of $0.00 is attached. 

El Please charge any additional Fees for the papers being filed herewith and for which no check is enclosed herewith, or 
credit any overpayment to deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed. 

El If these papers are not considered timely filed by the Patent and Trademark Office, then a petition is hereby made under 
37 C.F.R. §1.136, and any additional fees required under 37 C.F.R. §1.136 for any necessary extension of time may be 
charged to Deposit Account No. 15-0030. A duplicate copy of this sheet is enclosed. 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



22S50 

Customer Number 22850 
Tel. (703)413-3000 
Fax. (703)413-2220 
(OSMMN 10/01) 



Marvin J. Spivak 
Registration No. 24,913 



Surinder Sachar 
Registration No. 34,423 



::i O O & *3 j.J.Q.yjgsgigp gs j: ^ 
JC19 Rac'd PCT/PTO 0 4 MAR 2002 

218108US-2 PCT 

TN THF, UNI TED STATES PATENT & TRADEMARK OFFI CE 

IN RE APPLICATION OF: : 

HIDETO AIKAWA ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN : 
(BASED ON PCT/JP00/04408) 

FILED: HEREWITH : 

FOR: METHOD OF AND DEVICE FOR 
CORRECTING A TIMING 

PR FT ,IMTN AR Y AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows: 

TN THE DRAWINGS 
Approval of the substitute drawing for Figure 1 is hereby respectfully requested. 

REMARK S 

The present preliminary amendment is submitted to set forth a substitute Figure 1 . 
Substitute Figure 1 corrects for the labeling of element blocks 1 and 7 in original Figure 1. 
More specifically, in substitute Figure 1 block element 1 is now more properly labeled as a 
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"Rake Path Detecting Circuit" and block element 7 is now more properly labeled as a "Clock 
Generating Circuit". 

The submission of substitute Figure 1 is not believed to raise any issues of new matter 
and substitute Figure 1 is believed to be more consistent with the original disclosure. 

The present application is believed to be in condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application is 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
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Please review the attached substitute Figure 1 for entry as a replacement for the 
original Figure 1 in the above-identified application. 
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SPECIFICATION 



TITLE OF THE INVENTION 



Method of and device for correcting a timing 
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TECHNICAL FIELD 

This invention relates to a timing correcting device 
within a mobile station accommodated in a mobile 
communication system that employs a CDMA (Code Division 
10 Multiple Access) system. Particularly, the invention 
relates to a timing correcting device within a mobile station 
and a timing correcting method for executing a timing control 
necessary for establishing a synchronization of CDMA 
communication signals . 



BACKGROUND ART 

Conventional techniques willbe explainedbelow. For 
example, in a mobile station accommodated in a mobile 
communication system that employs a CDMA system, a reception 

20 timing of a receiving channel corresponding to a reception 
signal is detected by executing an inverse diffusion 
processing and a demodulation processing to pilot signals 
received in a predetermined period. Usually, in a mobile 
communication environment, reception signals are detected 

25 as a plurality of reception timing candidates in a RAKE path 
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detector. In this case, paths detected as candidates have 
mutually different correlation values and reception 
timings . 

At a mobile station, a main reception timing is 
determined from among the plurality of reception timing 
candidates. Specifically, at the mobile station, a 
reception reference timing held in advance is compared 
sequentially with the latest reception timing candidates. 
Then, the reception reference timing, that is, a clock to 
be managed inside, is corrected so that the reception 
reference timing coincides with an optimum reception timing 
that has been determined based on a result of the comparison . 

In this way, at the mobile station, the optimum 
reception reference timing is obtained by absorbing a clock 
deviation between the mobile station and a base station, 
and a clock deviation due to a variation in a transmission 
distance, based on a clock correction. 

As a concrete example of a timing correcting device 
for obtaining the optimum reception reference timing, there 
is a device disclosed in Japanese Patent Application 
Laid-open (JP-A) No. 11-261410, for example. Fig. 4 is a 
diagram showing a structure of a conventional timing 
correcting device described in the above publication. In 
Fig. 4, 101 denotes a reception timing detecting circuit, 
102 denotes a comparator circuit, 103 denotes a reference 
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timing generating circuit, 104 denotes a clock generating 
circuit, 105 denotes a timing correction control circuit, 
and 106 denotes a correction speed control circuit. 

The operation of the timing correcting device will 
be explained. To begin with, the reception timing detecting 
circuit 101 generates a reception timing signal S(2) based 
on a pilot signal S(l) included in a reception signal, and 
outputs this to the comparator circuit 102. 

On the other hand, the reference timing generating 
circuit 103 generates a reference timing signal S(4) of a 
period that is substantially the same as the' period of the 
reception timing signal S(2) , based on a clock signal S(3) 
received from the clock generating circuit 104, and outputs 
this to the comparator circuit 102. 

The comparator circuit 102 compares the reception 
timing signal S(2) with the reference timing signal S(4), 
and outputs a result of this comparison to the timing 
correction control circuit 105 as a comparison result signal 
S (5) . 

When the comparator circuit 102 has detected a 
deviation between the reception timing signal S(2) and the 
reference timing signal S(4), the reference timing 
generating circuit 103 corrects the reference timing signal 
S (4) so that this coincides with the reception timing signal 
S (2) . 
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However, in general, a reception wave in a radio 
communication is transmitted as a "multi-path" consisting 
of a direct wave that arrives directly and a plurality of 
reflection waves that arrive after reflecting from buildings 
or the like. An amount of delay in a reflection wave from 
a direct wave is not constant , and this amount of delay changes 
dynamically as it is controlled by the surrounding buildings 
and the topography. Further, at the mobile station, a 
reception timing of a reception wave changes every moment 
due to a change in the propagation route according to a move . 

Thus, in the mobile communication environment, a 
direct wave is not always received, and sometimes the 
reception timing is detected from the reflection wave, and 
a reception reference timing is corrected by mis take in such 
a manner that it coincides with the reception timing of the 
reflection wave. Moreover, sometimes, at the next timing, 
a reception timing is detected from a direct wave, and a 
reception reference timing is corrected such that it 
coincides with the reception timing of the direct wave. 

As explained above, according to the conventional 
clock correcting device described in the above-mentioned 
reference, there has been a problem that, when there is a 
large propagation path difference between a direct wave and 
a reflection wave, a reception reference timing is corrected 
frequently, and a switching of a received RAKE path occurs 



frequently, with a result that the load amount of correcting 
a reception reference timing increases . Further, according 
to the conventional clock correcting device, there has also 
been a problem that the frequency of updating a path 
5 allocation to a finger increases due to an erroneous tracking 
of a reception reference timing. 

The present invention has been made in the light of 
the above problems. It is an object of this invention to 
provide a method of and a device for correcting a timing 
10 that is capable of determining a reception reference timing 
efficiently and in optimum, by realizing a reduction in the 
load amount of correcting a reception reference timing and 
a reduction in the frequency of updating a path allocation. 

15 DISCLOSURE OF THE INVENTION 

The timing correcting device relating to one aspect 
of the present invention comprises: a path detecting unit 
(corresponding to a RAKE path detecting circuit 1 in an 
embodiment to be described later) which detects a plurality 

20 of path candidates to be tracked from a reception signal, 
and outputting a "path timing" and a "detection correlation 
value" corresponding to each path candidate as a result; 
a plurality of decision reference generating units 
(corresponding to tracking-path candidate deciding 

25 circuits 2a, 2b, 2c, . . . ) that are individually allocated 
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with a result of the detection, which generate a 
predetermined decision standard that is necessary for 
selecting an optimum path timing from among the timings of 
the path candidates, based on the allocated information; 
an optimum-path selecting unit (corresponding to a 
tracking-path selecting circuit 3) which selects an optimum 
path timing that should be tracked from among the timings 
of the path candidates, based on a result of the detection 
and the predetermined decision standard; a phas e -di f f e r ence 
calculating unit (corresponding to a comparator circuit 5) 
which compares a predetermined reception reference timing 
given from the outside with the optimum path timing, and 
calculating a phase difference between the two; and a timing 
correcting unit (corresponding to a timing correction 
control circuit 6, a clock generating circuit 7, and a 
reception reference counter 4) which corrects the reception 
reference timing by controlling a clock based on the phase 
difference . 

According to the above-mentioned aspect of this 
invention, an optimum path around a reception reference 
timing is selected based on an output from each decision 
reference generating unit , and an internal clock is corrected 
based on a phase difference between the selected path and 
a predetermined reception reference timing . Thus, a center 
of a searcher and a finger window is always matched with 
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the reception reference timing. With this arrangement, it 
is possible to efficiently carry out a multi-path detection 
around the reception reference timing, and it becomes 
possible to decrease the load amount of correcting the 
reception reference timing. Further, it is also possible 
to substantially decrease the freguency of updating a path 
allocation, as compared with the conventional technique of 
updating a path at timing other than around the reception 
reference timing too. 

In the timing correcting device of this invention, 
the optimum-path selecting unit has a "path selection status " , 
a "forward alignment status", and a "tracking-path holding 
status" as statuses, wherein, during the "path selection 
status", the timing correcting device selects the optimum 
path timing from among the path candidates based on the 
detection correlation value or the predetermined decision 
standard, and thereafter shifts the status from the "path 
selection status" to the "tracking-path holding status", 
during the "tracking-path holding status", the timing 
correcting device compares a result of a detectionof a latest 
path with a timing of a current optimumpath thereby to decide 
whether a path updating processing is to be carried out or 
not, and carries out the updating processing when a path 
that satisfies a predetermined updating condition exists 
as a result of the comparison, and shifts the status from 
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the "tracking-path holding status" to the " forward alignment 
status" when paths do not exist within a range of an error 
of a predetermined number of samples prescribed in advance, 
and during the "forward alignment status", the timing 
correcting device holds a current optimum path timing when 
a path exists within a number of forward alignment stages 
even when paths do not exist within the range of an error 
of a predetermined number of samples prescribed in advance, 
and the timing correcting device shifts the status from the 
"forward alignment status" to the "path selection status" 
when no continuous paths exist over or above a number of 
forward alignment stages. 

Thus, because of the provision of the optimum-path 
selecting unit, it is possible to shift immediately to the 
"tracking-path holding status" by selecting an optimum path 
timing from timings of the output paths of each decision 
reference generating unit, without making a shift to the 
backward alignment status, even when the status has been 
shifted to the "path selection status", for example. 
Therefore, it is possible to substantially improve the 
operation speed relating to a timing correction. 

In the timing correcting device of this invention, 
during the "path selection status", the timing correcting 
device makes each of the decision reference generating unit 
have a priority as the predetermined decision standard, and 
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selects a timing of a path allocated to the decision reference 
generating unit having a highest priority as an optimum path 
timing . 

Thus, because of the provision of the optimum-path 
5 selecting unit which selects a timing of a path having a 
highest priority, it is possible to select a most stable 
path from among a plurality of path candidates. 

In the timing correcting device of this invention, 
during the "path selection status", the timing correcting 
10 device utilizes the detection correlation value as one of 
the predetermined decision standards, and selects a timing 
of a path allocated to decision reference generating unit 
having a largest detection correlation value as an optimum 
path timing. 

15 Thus, because of the provision of the optimum-path 

selecting unit which selects a timing of a path having a 
largest detection correlation value, it is possible to select 
a most stable path from among a plurality of path candidates . 

In the timing correcting device of this invention, 

20 during the "path selection status", the timing correcting 
device makes each of the decision reference generating unit 
have stability information of a detection correlation value 
as the predetermined decision standard, and selects a timing 
of a path allocated to decision reference generating unit 

2 5 having correlation value stability information of a smallest 
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variation in correlation values, as an optimum path timing. 

Thus, because of the provision of the optimum-path 
selecting unit which selects a timing of a path having 
correlation value stability information of a smallest 
variation in correlation values, it is possible to select 
a most stable path from among a plurality of path candidates . 

In the timing correcting device of this invention, 
when apathexists withina range of anerror of a predetermined 
number of samples prescribed in advance as a result of a 
comparison in the "tracking-path holding status", this path 
satisfies the predetermined updating condition, and the 
timing correcting device updates the timing of this path 
as a next optimum path timing. 

Thus, when a path exists within a range of an error 
of a predetermined number of samples prescribed in advance, 
this path satisfies the predetermined updating condition. 
Therefore, itispossibleto provide a timing of a most stable 
path to the phase-difference calculating unit. 

In the timing correcting device of this invention, 
when a plurality of paths exist within a range of an error 
of a predetermined number of samples prescribed in advance 
as a result of a comparison in the "tracking-path holding 
status", a path nearest to a current optimum path timing 
satisfies the predetermined updating condition, and the 
timing correcting device updates the timing of this path 
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as a next optimum path timing. 

Thus, when a plurality of paths exist within a range 
of an error of a predetermined number of samples prescribed 
in advance, a path nearest to a current optimum path timing 
satisfies the predetermined updating condition . Therefore, 
it is possible to provide a timing of a most stable path 
to the phase-difference calculating unit. 

In the timing correcting device of this invention, 
when a plurality of paths exist within a range of an error 
of a predetermined number of samples prescribed in advance 
and further when two paths exist at both poles and at equal 
distance from a current optimum path timing as a result of 
a comparison in the "tracking-path holding status", a path 
having a higher detection correlation value satisfies the 
predetermined updating condition, and the timing correcting 
device updates the timing of this path as a next optimum 
path timing. 

Thus, when a plurality of paths exist within a range 
of an error of a predetermined number of samples prescribed 
in advance and further when two paths exist at both poles 
and at equal distance from a current optimum path timing, 
a path having a higher detection correlation value satisfies 
the predetermined updating condition. Therefore, it is 
possible to provide a timing of a most stable path to the 
phase-difference calculating unit. 
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In the timing correcting device of this invention, 
when a plurality of paths exist within a range of an error 
of a predetermined number of samples prescribed in advance 
and further when two paths exist at both poles and at equal 
distance from a current optimum path timing as a result of 
a comparison in the "tracking-path holding status", a path 
having a tracking polarity direction that is the same as 
a past tracking direction satisfies the predetermined 
updating condition, and the timing correcting device updates 
the timing of this path as a next optimum path timing. 

Thus, when a plurality of paths exist within a range 
of an error of a predetermined number of samples prescribed 
in advance and further when two paths exist at both poles 
and at equal distance from a current optimum path timing, 
a path having a tracking polarity direction that is the same 
as a past tracking direction satisfies the predetermined 
updating condition. Therefore, it is possible to provide 
a timing of a most stable path to the phase-difference 
calculating unit. 

In the timing correcting device of this invention, 
the decision reference generating unit has a "path selection 
status", a "backward alignment status " , a " forward alignment 
status", and a "tracking-path holding status" as statuses, 
wherein, during the "path selection status", the timing 
correcting device outputs a timing of an allocated path based 
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on a result of the detection, and thereafter shifts the status 
from the "path selection status" to the "backward alignment 
status", during the "backward alignment status " , the timing 
correcting device compares a result of a latest path 
5 detection with a timing of a current output path, and shifts 
the status from the "backward alignment status" to the "path 
selection status" when paths do not exist within a range 
of an error of a predetermined number of samples prescribed 
in advance, and when a path exists within a range of an error 

10 of a predetermined number of samples prescribed in advance 
and further when paths exist continuously over and above 
a number of backward alignment stages, the timing correcting 
device shifts the status from the "backward alignment status" 
to the "tracking-path holding status", during the 

15 "tracking-path holding status", the timing correcting 
device compares a result of a detection of a latest path 
with a timing of a current output path thereby to decide 
whether a path updating processing is to be carried out or 
not, and carries out the updating processing when a path 

20 exists that satisfies a predetermined updating condition 
as a result of the comparison, and the timing correcting 
device shifts the status from the "tracking-path holding 
status" to the "forward alignment status" when paths do not 
exist within a range of an error of a predetermined number 

25 of samples prescribed in advance, and during the "forward 
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alignment status", the timing correcting device holds a 
current optimum path timing when apathexistswithina number 
of forward alignment stages even when paths do not exist 
within the range of an error of a predetermined number of 
5 samples prescribed in advance, and the timing correcting 
device shifts the status from the "forward alignment status" 
to the "path selection status" when no continuous paths exist 
over or above a number of forward alignment stages. 

Thus, because of the provision of the plurality of 

10 decision reference generating units capable of outputting 
a timing of an allocated path, it is possible to promptly 
select an optimum path even if the optimum-path selecting 
unit has overlooked a path. Therefore, it is possible to 
execute a secure clock correction. 

15 In the timing correcting device of this invention, 

when a path exist s within a range ofanerrorofa predetermined 
number of samples prescribed in advance as a result of a 
comparison in the "tracking-path holding status", this path 
satisfies the predetermined updating condition, and the 

20 timing correcting device updates the timing of this path 
as a next output path timing. 

Thus, when a path exists within a range of an error 
of a predetermined number of samples prescribed in advance, 
this path satisfies the predetermined updating condition. 

25 Therefore, it is possible to provide a timing of a most stable 
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path to the optimum-path selecting unit. 

In the timing correcting device of this invention, 
when a plurality of paths exist within a range of an error 
of a predetermined number of samples prescribed in advance 
as a result of a comparison in the "tracking-path holding 
status", a path nearest to a current output path timing 
satisfies the predetermined updating condition, and the 
timing correcting device updates the timing of this path 
as a next output path timing. 

Thus, when a plurality of paths exist within a range 
of an error of a predetermined number of samples prescribed 
in advance, a path nearest to a current optimum path timing 
satis fies the predetermined up da ting condition. Therefore, 
it is possible to provide a timing of a most stable path 
to the optimum-path selecting unit. 

In the timing correcting device of this invention, 
when a plurality of paths exist within a range of an error 
of a predetermined number of samples prescribed in advance 
and further when two paths exist at both poles and at equal 
distance from a current output path timing as a result of 
a comparison in the "tracking-path holding status", a path 
having a higher detection correlation value satisfies the 
predetermined updating condition, and the timing correcting 
device updates the timing of this path as a next output path 
timing . 
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Thus, when a plurality of paths exist within a range 
of an error of a predetermined number of samples prescribed 
in advance and further when two paths exist at both poles 
and at equal distance from a current optimum path timing, 
a path having a higher detection correlation value satisfies 
the predetermined updating condition. Therefore, it is 
possible to provide a timing of a most stable path to the 
optimum-path selecting unit. 

In the timing correcting device of this invention, 
when a plurality of paths exist within a range of an error 
of a predetermined number of samples prescribed in advance 
and further when two paths exist at both poles and at equal 
distance from a current output path timing as a result of 
a comparison in the "tracking-path holding status", a path 
having a tracking polarity direction that is the same as 
a past tracking direction satisfies the predetermined 
updating condition, and the timing correcting device updates 
the timing of this path as a next output path timing. 

Thus, when a plurality of paths exist within a range 
of an error of a predetermined number of samples prescribed 
in advance and further when two paths exist at both poles 
and at equal distance from a current optimum path timing, 
a path having a tracking polarity direction that is the same 
as a past tracking direction satisfies the predetermined 
updating condition. Therefore, it is possible to provide 
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a timing of a most stable path to the optimum-path selecting 
unit . 

The timing correcting device calculates the stability 
information held by each decision reference generating unit 
by using the detection correlation value, a moving average 
of variation widths of the detection correlation value, an 
average of total past variation widths, a moving sum of 
variation widths, a moving average of detection correlation 
values, and/or a combination of these values. 

Thus, because of the provision of the plurality of 
decision reference generating units which calculates the 
stability information, the optimum-path selecting unit can 
select a most stable path from among a plurality of path 
candidates. With this arrangement, it is also possible to 
substantially decrease the frequency of updating a path due 
to an erroneous tracking of a multi-path. As a result, it 
is possible to prevent a wasteful clock correction that has 
occurred in the past . 

The timing correcting method relating to another 
aspect of this invention comprises: a path detecting step 
of detecting a plurality of path candidates to be tracked 
from a reception signal, and outputting a "path timing" and 
a "detection correlation value" corresponding to each path 
candidate as a result; a decision reference generating step 
of individually allocating a result of the detection, and 
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generating a predetermined decision standard that is 
necessary for selecting an optimum path timing from among 
the timings of the path candidates, based on the allocated 
information; an optimum-path selecting step of selecting 
5 an optimum path timing that should be tracked from among 
the timings of the path candidates, based on a result of 
the detection and the predetermined decision standard; a 
phase-difference calculating step of comparing a 
predetermined reception reference timing given from the 

10 outside with the optimum path timing, and calculating a phase 
difference between the two; and a timing correcting step 
of correcting the reception reference timing by controlling 
a clock based on the phase difference. 

Thus, an optimum path around a reception reference 

15 timing is selected based on an output at the decision 
reference generating step , and an internal clock is corrected 
based on a phase difference between the selected path and 
a predetermined reception re ference timing . Thus, a center 
of a searcher and a finger window is always matched with 

20 the reception reference timing. With this arrangement, it 
is possible to efficiently carry out a multi-path detection 
around the reception reference timing, and it becomes 
possible to decrease the load amount of correcting the 
reception reference timing. Further, it is also possible 

25 to substantially decrease the frequency of updating a path 



allocation, as compared with the conventional technique of 
updating a path at timing other than around the reception 
reference timing too. 

In the timing correcting method of this invention, 
5 the optimum-path selecting step has a" path select ion status", 
a "forward alignment status", and a "tracking-path holding 
status" as statuses, wherein, during the "path selection 
status", the optimum path timing is selected from among the 
path candidates based on the detection correlation value 

10 or the predetermined decision standard, and thereafter the 
status is shifted from the "path selection status" to the 
"tracking-path holding status", during the "tracking-path 
holding status", a result of a detection of a latest path 
is compared with a timing of a current optimum path thereby 

15 to decide whether a path updating processing is to be carried 
out or not, and the updating processing is carried out when 
a path exists that satisfies a predetermined updating 
condition as a result of the comparison, and the status is 
shifted from the "tracking-path holding status" to the 

20 "forward alignment status" when paths do not exist within 
a range of an error of a predetermined number of samples 
prescribed in advance, and during the "forward alignment 
status", a current optimum path timing is held when a path 
exists within a number of forward alignment stages even when 

25 paths do not exist within the range of an error of a 
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predetermined number of samples prescribed in advance, and 
the status is shifted from the "forward alignment status" 
to the "path selection status" when no continuous paths exist 
over or above a number of forward alignment stages. 

Thus, based on the inclusion of the optimum-path 
selecting step, it is possible to shift immediately to the 
"tracking-path holding status" by selecting an optimum path 
timing from timings of the output paths of each decision 
reference generating unit, without making a shift to the 
backward alignment status, even when the status has been 
shifted to the "path selection status", for example. 
Therefore, it is possible to substantially improve the 
operation speed relating to a timing correction. 

In the timing correcting method of this invention, 
the decision reference generating step has a "path selection 
status", a "backward alignment status " , a " forward alignment 
status", and a "tracking-path holding status" as statuses, 
wherein, during the "path selection status", a timing of 
an allocated path is output based on aresultof the detection, 
and thereafter the status is shifted from the "path selection 
status" to the "backward alignment status", during the 
"backward alignment status", a result of a latest path 
detection is compared with a timing of a current output path, 
and the status is shifted from the "backward alignment 
status" to the "path selection status" when paths do not 
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exist within a range of an error of a predetermined number 
of samples prescribed in advance, and when a path exists 
withina range ofanerror of a predetermined number of samples 
prescribed in advance and further when paths exist 
5 continuously over or above a number of backward alignment 
stages, the status is shifted from the "backward alignment 
status" to the "tracking-path holding status", during the 
"tracking-path holding status", a result of a detection of 
a latest path is compared with a timing of a current output 

10 path thereby to decide whether a path updating processing 
is to be carried out or not, and the updating processing 
is carried out when a path exists that satisfies a 
predetermined updating condition as a result of the 
comparison, and the status is shifted from the "tracking-path 

15 holding status" to the "forward alignment status" when paths 
do not exist within a range of an error of a predetermined 
number of samples prescribed in advance, and during the 
"forward alignment status", a current optimum path timing 
is heldwhenapath exists within a number of forward alignment 

20 stages even when paths do not exist within the range of an 
error of a predetermined number of samples prescribed in 
advance, and the status is shifted from the "forward 
alignment status" to the "path selection status" when no 
continuous paths exist over or above a number of forward 

25 alignment stages. 
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Thus, because of the provision of the decision 
reference generating step of outputting a timing of an 
allocated path, it is possible to promptly select an optimum 
path even if a path has been overlooked at the optimum-path 
selecting step. Therefore, it is possible to execute a 
secure clock correction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a structure of a timing 
correcting device relating to the present invention; Fig. 
2 is a diagram showing a shift of a status of a tracking-path 
selecting circuit; Fig. 3 is a diagram showing a shift of 
a status of each tracking-path candidate deciding circuit; 
and Fig. 4 is a diagram showing a structure of a conventional 
timing correcting device . 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be explained in detail below 
with reference to the attached drawings. 

Tobeginwith, a structure of a timing correcting device 
relating to the present invention will be explained. Fig. 
1 is a diagram showing a structure of the timing correcting 
device relating to the present invention. In Fig. 1, 1 
denotes a RAKE path detecting circuit, 2a, 2b, 2c, . . . denote 
tracking-path candidate deciding circuits, 3 denotes a 
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tracking-path selecting circuit, 4 denotes a reception 
reference counter, 5 denotes a comparator circuit , 6 denotes 
a timing correction control circuit, and 7 denotes a clock 
generating circuit. 
5 ' The operation of the timing correcting device relating 

to the present invention will be explained below. A 
reception base-band signal received by a mobile unit is input 
into the RAKE path detecting circuit 1. The RAKE path 
detecting circuit 1 detects a plurality of valid path 

10 candidates based on this reception signal . Thereafter, the 
RAKE path detecting circuit 1 outputs a "timing of each path" 
and a "detection correlation value" as a result of the RAKE 
path detection, to the tracking-path candidate deciding 
circuits 2a, 2b, 2c, . . . , and the tracking-path selecting 

15 circuit 3. The RAKE detection is carried out in an 
over-sampling period of n (an integer) times. 

The above "timing of each path" and " detection 
correlation value" are allocated to each tracking-path 
candidate deciding circuit in a detection path unit. Each 

20 tracking-path candidate deciding circuit generates and 
outputs a predetermined decision standard that is necessary 
for the tracking-path selecting circuit 3 to select an 
optimum path. The tracking-path selecting circuit 3 
selects an optimum path to be tracked from among the detected 

25 paths, based on the result of the RAKE path detection and 
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the predetermined decision standards. The "path timing" 
that is output from each tracking-path candidate deciding 
circuit as one of the predetermined decision standards will 
hereinafter be called a second main path timing. 

Specifically, in the initial status , the tracking-path 
selecting circuit 3 selects an optimum path based on a result 
of the RAKE path detection. In the status other than the 
initial status, the tracking-path selecting circuit 3 
selects an optimum path from among paths corresponding to 
the second main path timing, based on the predetermined 
decision standard 

Thereafter, the tracking-path selecting circuit 3 
outputs the selected "path timing" as the "path timing" to 
be tracked, to the comparator circuit 5. The "path timing" 
that is output from the tracking-path selecting circuit as 
the path timing to be tracked will hereinafter be called 
a first main path timing. 

The comparator circuit 5 that has received the first 
main path timing compares a predetermined reception 
reference timing given from the outside and a reference 
counter value counted based on a clock signal from the clock 
generating circuit 7 with the first main path timing. 
Specifically, for example, an internal clock held by a mobile 
unit and an internal clock held by a base station do not 
operate completely in the same period, but have a constant 
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clock deviation between them. This clock deviation may not 
be constant due to an influence of phasing or the like . 
Therefore, in order to receive accurately the information 
transmitted from the base station, it is necessary that this 
5 clock deviation is always corrected. For this purpose, the 
comparator circuit 5 checks whether there has been a 
deviation between the first main path timing and the 
reception reference timing set at the time of opening the 
reception channel, by carrying out the above comparison. 

10 However, as the first main path timing expresses a 

timing of a common control channel and the reception 
reference timing expresses a reception reference timing, 
the comparator circuit 5 carries out a comparison after 
standardizing the timing based on one channel. 

15 Thereafter, a phase difference between these timings 

detected by the comparator circuit 5 is output to the timing 
correction control circuit 6. The timing correction 
control circuit 6 outputs a correction quantity 
corresponding to this phase difference to the clock 

20 generating circuit 7 at every cons tant period ( pe r iod f rame ) . 
For example, when there is a phase difference of a 
predetermined value (for example, 1/4 chip) or above between 
the reception reference timing and the first main path timing, 
the timing correction control circuit 6 generates a clock 

25 correction instruction to the clock generating circuit 7 
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at a rate of once per the above constant period frame. The 
clock generating circuit 7 corrects the counter value 
according to the posted correction quantity. 

As explained above, according to the present 
embodiment, an optimum path around the reception reference 
timing is selected based on the output from each 
tracking-path candidate deciding circuit. The internal 
clock is corrected based on a phase difference between the 
selected path and the predetermined reception reference 
timing. Thus, a center of a searcher and a finger window 
is always matched with the reception reference timing . With 
this arrangement, it is possible to efficiently carry out 
a multi-path detection around the reception reference timing, 
and it becomes possible to decrease the load amount of 
correcting the reception reference timing. Further, it is 
also possible to substantially decrease the frequency of 
updating a path allocation, as compared with the conventional 
technique of updating a path at timing other than around 
the reception reference timing too. 

The operation of the tracking-path selecting circuit 
3 will now be explained in detail . Fig. 2 is a diagram showing 
a shift of a status of the tracking-path selecting circuit 
3. The tracking-path selecting circuit 3 has a "path 
selection status", a "forward alignment status", and a 
"tracking-path holding status" as statuses, for example. 
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During the "path selection status" in the case of 
opening a channel, the tracking-path selecting circuit 3 
selects a path having a largest detection correlation value 
as a path corresponding to the first main path timing from 
5 among the paths detected by the RKE path detecting circuit 
1. On the other hand, during the "path selection status" 
in other cases , the tracking-path selecting circuit 3 selects 
a path corresponding to the first main path timing from among 
the paths allocated as a plurality of second main path timings . 

10 However, when there is no path that can be allocated as the 
second main path timing, the t r ac king -pa t h selecting circuit 
3 does not update the first main path timing. In the above 
operation, when a path corresponding to the first main path 
timing has been selected, the tracking-path selecting 

15 circuit 3 shifts the status from the "path selection status" 
to the "tracking-path holding status". 

A method of selecting an optimum path corresponding 
to the first main path timing will be explained in detail 
below . 

20 (1) As a first method, a priority is set to each 

tracking-path candidate deciding circuit in advance . Then, 
a path corresponding to a second main path timing that has 
been output from a tracking-path candidate deciding circuit 
having a highest priority is selected as a path that 

25 corresponds to the first main path timing. However, when 
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the updating of the first main path timing has occurred by 
a specific number or more times during a constant period 
of time, the priority of a tracking-path candidate deciding 
circuit that has a second priority at present is increased 
by one . 

(2) As a second method, from among a plurality of paths 
that have been allocated as second main path timings in the 
tracking status, a path having a largest detection 
correlation value is selected as a path that corresponds 
to the first main path timing. 

(3) As a third method, from among a plurality of paths 
that have been allocated as second main path timings in the 
tracking status, a path having a smallest detection 
correlation value based on correlation stability 
information of each tracking-path candidate deciding 
circuit is selected as a path that corresponds to the first 
main path timing. 

Next, during the "tracking-path holding status " , each 
time when the RAKE path detecting circuit 1 has updated the 
RAKE path, the tracking-path selecting circuit 3 compares 
a result of the RAKE path detection with a current first 
main path timing, and decides whether an update processing 
is to be carried out or not. This will be explained in more 
detail . 

(1) For example, as a result of a comparison between a 
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RAKE path and a current first main path timing, when the 
RAKE path exists within a range of an error of a predetermined 
number of samples prescribed in advance, the tracking-path 
candidate deciding circuit 3 sets a timing of this RAKE path 
as a next first main path timing. 

(2) Further, as a result of a comparison between a RAKE 
path and a current first main path timing, when a plurality 
of paths exist within a range of an error of a predetermined 
number of samples prescribed in advance, the tracking-path 
candidate deciding circuit 3 sets a timing of a path nearest 
to the first mainpath timing as a next first mainpath timing . 

(3) Further, as a result of a comparison between a RAKE 
path and a current first main path timing, when a plurality 
of paths exist within a range of an error of a predetermined 
number of samples prescribed in advance and further when 
two paths exist at both poles and at egual distance from 
the first main path timing, the tracking-path candidate 
deciding circuit 3 sets a timing of a path having a higher 
detection correlation value as a next first main path timing . 

(4) Further, in the above case (3), it is also possible 
to set as a next first main path timing a timing of a path 
having a tracking polarity direction that is the same as 
a past tracking direction. 

Further, as a result of a comparison between a RAKE 
path and a current first main path timing, when paths do 
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not exist within a range of an error of a predetermined number 
of samples prescribed in advance, or when paths exist within 
a range of an error of a predetermined number of samples 
but the detection correlation value does not reach a constant 
threshold value, the tracking-path selecting circuit 3 in 
the "tracking-path holding status" shifts the status to the 
"forward alignment status". 

Finally, as a result of a comparison between a RAKE 
path and a current first main path timing, when paths do 
not exist within a range of an error of a predetermined number 
of samples prescribed in advance but when paths exist within 
a number of the forward alignment states, the tracking-path 
selecting circuit 3 in the "forward alignment status" holds 
the current tracking path as a path that corresponds to the 
first main path timing. In other words, the tracking-path 
selecting circuit 3 does not update the path. On the other 
hand, when paths do not exist continuously over or above 
a number of the forward alignment stages, the tracking-path 
selecting circuit 3 shifts the status from the "forward 
alignment status" to the "path selection status". 

As explained above, according to the present 
embodiment, because of the provision of the tracking-path 
selecting circuit 3, it is possible to shift immediately 
to the "tracking -path holding status "by selecting an optimum 
first main path timing from the second main path timings 
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without making a shift to the backward alignment status, 
even when the status has been shifted to the "path selection 
status", for example. Therefore, it is possible to 
substantially improve the operation speed relating to a 
timing correction. 

The operation of the tracking-path candidate deciding 
circuits 2a, 2b, 2c, . . . will now be explained in detail. 
Fig. 3 is a diagram showing a shift of a status of each 
tracking-path candidate deciding circuit. Each 
tracking-path candidate deciding circuit has, for example, 
a "path selection status", a "backward alignment status", 
a "forward alignment status", and a "tracking-path holding 
status" as statuses, and carries out a tracking operation 
to each different path. 

During the "path selection status", m (where m is any 
desired integer) tracking-path candidate deciding circuits 
are allocated with m paths in the order of a large detection 
correlation value from among all paths that have been 
detected by the RAKE path detecting circuit 1. The m 
tracking-path candidate deciding circuits receive "path 
timings" and "detection correlation values" corresponding 
to respective paths. Then, each tracking-path candidate 
deciding circuit outputs a second main path timing 
corresponding to the allocated path, and shifts to the 
"backward alignment status". 
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During the "backward alignment status", each 
tracking-path candidate deciding circuit compares a result 
of the RAKE path detection with a current second main path 
timing. When paths do not exist within a range of an error 
of a predetermined number of samples prescribed in advance, 
the tracking-path candidate deciding circuit shifts the 
status from the "backward alignment status" to the "path 
selection status". On the other hand, when paths exist 
within a range of an error of a predetermined number of samples 
prescribed in advance and further when paths exist 
continuously over and above a number of backward alignment 
stages, the tracking-path candidate deciding circuit shifts 
the status from the "backward alignment status" to the 
"tracking-path holding status". 

During the "backward alignment status " , each time when 
the RAKE path has been updated by the RAKE path detecting 
circuit 1, each tracking-path candidate deciding circuit 
compares a result of the RAKE path detection with a current 
second main path timing, and decides whether the update 
processing is to be carried out or not. This will be 
explained in more detail. 

(1) For example, as a result of a comparison between a 
RAKE path and a current second main path timing, when the 
RAKE path exists within a range of an error of a predetermined 
number of samples prescribed in advance, the tracking-path 
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candidate deciding circuit 3 sets a timing of this RAKE path 
as a next first main path timing. 

(2) Further, as a result of a comparison between a RAKE 
path and a current second main path timing, when a plurality 
of paths exist within a range of an error of a predetermined 
number of samples prescribed in advance, the tracking-path 
candidate deciding circuit 3 sets a timing of a path nearest 
to the second main path timing as a next second main path 
timing . 

(3) Further, as a result of a comparison between a RAKE 
path and a current second main path timing, when a plurality 
of paths exist within a range of an error of a predetermined 
number of samples prescribed in advance and further when 
two paths exist at both poles and at egual distance from 
the second main path timing, the tracking-path candidate 
deciding circuit 3 sets a timing of a path having a higher 
detection correlation value as a next second main path 
timing . 

(4) Further, in the above case (3), it is also possible 
to set as a next second main path timing a timing of a path 
having a tracking polarity direction that is the same as 
a past tracking direction. 

Further, during the "tracking-path holding status", 
each tracking-path candidate deciding circuit holds 
stability information of a detection correlation value. 
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The stability of a detection correlation value is calculated 
by using a variation width of the detection correlation value . 
For example, when S(x) represents a variation width of a 
detection correlation value and L (x) represents a detection 
correlation value during a time x, the variation width S(x) 
can be expressed as shown in the expression (1) . 

S (x) = | L (x) - L (x - 1) | ... (1) 

When x = 0, then S(x - 1) =0. The stability of a detection 
correlation value is calculated form a variation width of 
the detection correlation value. It is also possible to 
calculate the stability based on a moving average of 
variation widths of the detection correlation value, an 
average of total past variation widths, a moving sum of 
variation widths, a moving average of detection correlation 
values, and/or a combination of these values. 

As a result of a comparison with a current second main 
path timing, when a path does not exist within a range of 
an error of a predetermined number of samples prescribed 
in advance, the tracking-path candidate deciding circuit 
in the "tracking-path holding status" shifts the status to 
the "forward alignment status". 

Finally, during the "forward alignment status", as 
a result of a comparison with a current second main path 
timing, when a path exists within a number of forward 
alignment stages even when paths do not exist within a range 



of an error of a predetermined number of samples prescribed 
in advance, each tracking-path candidate deciding circuit 
holds a current tracking path as a second main path timing. 
In other words, the tracking-path candidate deciding circuit 
5 does not update the path. On the other hand, when paths 
do not exist continuously over or above a number of the forward 
alignment stages, the tracking-path candidate deciding 
circuit shifts the status from the "forward alignment status " 
to the "path selection status". 

10 As explained above, according to the present 

embodiment, because of the provision of a plurality of 
tracking-path candidate deciding circuits capable of 
outputting the second main path timing, it is possible to 
promptly select an optimum path even if the tracking-path 

15 selecting circuit 3 has overlooked a path. Therefore, it 
is possible to execute a more secure clock correction. 

Further, according to the present embodiment, because 
of the provision of a plurality of tracking-path candidate 
deciding circuits capable of holding the stability 

20 information of the detection correlation value, the 
tracking-path candidate deciding circuit 3 select a most 
stable path from among a plurality of path candidates . With 
this arrangement, it is possible to substantially decrease 
the frequency of updating a path due to an erroneous tracking 

25 of a multi-path. As a result, it is possible to prevent 
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a wasteful clock correction that has occurred in the past. 

INDUSTRIAL APPLICABILITY 

As explained above, the timing correcting device and 
5 the timing correcting method relating to the present 
invention are useful for a mobile communication system that 
employs the CDMA system. Particularly, the timing 
correcting device and the timing correcting method are 
suitable for a mobile station accommodated in the mobile 
10 communication system, that is, a demodulator of a portable 
telephone that requires a synchronous control within the 
mobile communication system. 



37 
CLAIMS 

1. A timing correcting device comprising: 

a path detecting unit which detects a plurality of 
path candidates to be tracked from a reception signal, and 
outputting a "path timing" and a "detection correlation 
value" corresponding to each path candidate as a result; 

a plurality of decision reference generating units 
that are individually allocated with a result of the 
detection, which generate a predetermined decision standard 
that is necessary for selecting an optimum path timing from 
among the timings of the path candidates, based on the 
allocated information; 

an optimum-path selecting unit which selects an 
optimum path timing that should be tracked from among the 
timings of the path candidates, based on a result of the 
detection and the predetermined decision standard; 

a phase-difference calculating unit which compares 
a predetermined reception reference timing given from the 
outside with the optimum path timing, and calculates a phase 
difference between the two timings; and 

a timing correcting unit which corrects the reception 
reference timing by controlling a clock based on the phase 
difference . 
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2. The timing correcting device according to claim 1, 

wherein 

the optimum-path selecting unit has a "path selection 
status", a " forward alignment status " , and a "tracking-path 
holding status" as statuses, 

during the "path selection status", the timing 
correcting device selects the optimum path timing from among 
the path candidates based on the detection correlation value 
or the predetermined decision standard, and thereafter 
shifts the status from the "path selection status" to the 
"tracking-path holding status", 

during the "tracking-path holding status", the timing 
correcting device compares a result of a detection of a latest 
path with a timing of a current optimum path thereby to decide 
whether a path updating processing is to be carried out or 
not, and carries out the updating processing when a path 
that satisfies a predetermined updating condition exists 
as a result of the comparison, and shifts the status from 
the "tracking-path holding status " to the " forward alignment 
status" when paths do not exist within a range of an error 
of a predetermined number of samples prescribed in advance, 
and 

during the "forward alignment status", the timing 
correcting device holds a current optimum path timing when 
a path exists within a number of forward alignment stages 
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even when paths do not exist within the range of an error 
of a predetermined number of samples prescribed in advance, 
and the timing correcting device shifts the status from the 
"forward alignment status" to the "path selection status" 
when no continuous paths exist over or above a number of 
forward alignment stages. 

3. The timing correcting device according to claim 2, 
wherein 

during the "path selection status", the timing 
correcting device makes each decision reference generating 
unit has a priority as the predetermined decision standard, 
and selects a timing of a path allocated to the decision 
reference generating unit having a highest priority as an 
optimum path timing. 

4. The timing correcting device according to claim 2, 
wherein 

during the "path selection status", the timing 
correcting device utilizes the detection correlation value 
as one of the predetermined decision standards, and selects 
a timing of a path allocated to the decision reference 
generating unit having a largest detection correlation value 
as an optimum path timing. 
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5. The timing correcting device according to claim 2, 
wherein 

during the "path selection status", the timing 
correcting device makes each of the decision reference 
generating unit has stability information of a detection 
correlation value as the predetermined decision standard, 
and selects a timing of a path allocated to the decision 
reference generating unit having correlation value 
stability information of a smallest variation in correlation 
values, as an optimum path timing. 

6. The timing correcting device according to claim 2, 
wherein 

when a path exists within a range of an error of a 
predetermined number of samples prescribed in advance as 
a result of a comparison in the "tracking-path holding 
status", this path satisfies the predetermined updating 
condition, and the timing correcting device updates the 
timing of this path as a next optimum path timing. 

7. The timing correcting device according to claim 2, 
wherein 

when a plurality of paths exist within a range of an 
error of a predetermined number of samples prescribed in 
advance as a result of a comparison in the "tracking-path 
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holding status", a path nearest to a current optimum path 
timing satisfies the predetermined updating condition, and 
the timing correcting device updates the timing of this path 
as a next optimum path timing. 

8. The timing correcting device according to claim 2, 
wherein 

when a plurality of paths exist within a range of an 
error of a predetermined number of samples prescribed in 
advance and further when two paths exist at both poles and 
at equal distance from a current optimum path timing as a 
result of a comparison in the "tracking-path holding status " , 
a path having a higher detection correlation value satisfies 
the predetermined updating condition, and the timing 
correcting device updates the timing of this path as a next 
optimum path timing . 

9. The timing correcting device according to claim 2, 
wherein 

when a plurality of paths exist within a range of an 
error of a predetermined number of samples prescribed in 
advance and further when two paths exist at both poles and 
at equal distance from a current optimum path timing as a 
resultofa comparison in the "tracking-path holding status", 
a path having a tracking polarity direction that is the same 
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as a past tracking direction satisfies the predetermined 
updating condition, and the timing correcting device updates 
the timing of this path as a next optimum path timing. 

5 10. The timing correcting device according to claim 2, 
wherein 

each decision reference generating unit has a "path 
selection status" , a "backward alignment status " , a "forward 
alignment status", and a "tracking-path holding status" as 
10 statuses, 

during the "path selection status", the timing 
correcting device outputs a timing of an allocated path based 
on a result of the detection, and thereafter shifts the status 
from the "path selection status" to the "backward alignment 
15 status", 

during the "backward alignment status", the timing 
correcting device compares a result of a latest path 
detection with a timing of a current output path, and shifts 
the status from the "backward alignment status" to the "path 

20 selection status" when paths do not exist within a range 
of an error of a predetermined number of samples prescribed 
in advance, and when a path exists within a range of an error 
of a predetermined number of samples prescribed in advance 
and further when paths exist continuously over and above 

25 a number of backward alignment stages , the timing correcting 



device shifts the status from the "backward alignment status" 
to the "tracking-path holding status", 

during the "tracking-path holding status", the timing 
correcting device compares a result of a detection of a latest 
5 path with a timing of a current output path thereby to decide 
whether a path updating processing is to be carried out or 
not, and carries out the updating processing when a path 
exists that satisfies a predetermined updating condition 
as a result of the comparison, and the timing correcting 

10 device shifts the status from the "tracking-path holding 
status" to the "forward alignment status" when paths do not 
exist within a range of an error of a predetermined number 
of samples prescribed in advance, and 

during the "forward alignment status", the timing 

15 correcting device holds a current optimum path timing when 
a path exists within a number of forward alignment stages 
even when paths do not exist within the range of an error 
of a predetermined number of samples prescribed in advance, 
and the timing correcting device shifts the status from the 

20 "forward alignment status" to the "path selection status" 
when no continuous paths exist over or above a number of 
forward alignment stages. 
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11. The timing correcting device according to claim 10, 
wherein 

when a path exists within a range of an error of a 
predetermined number of samples prescribed in advance as 
a result of a comparison in the "tracking-path holding 
status", this path satisfies the predetermined updating 
condition, and the timing correcting device updates the 
timing of this path as a next output path timing. 

12. The timing correcting device according to claim 10, 
wherein 

when a plurality of paths exist within a range of an 
error of a predetermined number of samples prescribed in 
advance as a result of a comparison in the "tracking-path 
holding status", a path nearest to a current output path 
timing satisfies the predetermined updating condition, and 
the timing correcting device updates the timing of this path 
as a next output path timing. 

13. The timing correcting device according to claim 10, 
wherein 

when a plurality of paths exist within a range of an 
error of a predetermined number of samples prescribed in 
advance and further when two paths exist at both poles and 
at equal distance from a current output path timing as a 
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result of a comparison in the "tracking-path holding status", 
a path having a higher detection correlation value satisfies 
the predetermined updating condition, and the timing 
correcting device updates the timing of this path as a next 
5 output path timing. 

14. The timing correcting device according to claim 10, 
wherein 

when a plurality of paths exist within a range of an 
10 error of a predetermined number of samples prescribed in 
advance and further when two paths exist at both poles and 
at equal distance from a current output path timing as a 
resultofa comparison in the "tracking -path holding status " , 
a path having a tracking polarity direction that is the same 
15 as a past tracking direction satisfies the predetermined 
updating condition, and the timing correcting device updates 
the timing of this path as a next output path timing. 

15. The timing correcting device according to claim 5, 
20 wherein 

the timing correcting device calculates the stability 
information held by each decision reference generating unit 
by using the detection correlation value, a moving average 
of variation widths of the detection correlation value, an 
25 average of total past variation widths, a moving sum of 
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variation widths, a moving average of detection correlation 
values, and/or a combination of these values. 

16. A timing correcting method comprising: 

a path detecting step of detecting a plurality of path 
candidates to be tracked from a reception signal, and 
outputting a "path timing" and a "detection correlation 
value" corresponding to each path candidate as a result; 

a decision reference generating step of individually 
allocating a result of the detection, and generating a 
predetermined decision standard that is necessary for 
selecting an optimum path timing from among the timings of 
the path candidates, based on the allocated information; 

an optimum-path selecting step of selecting an optimum 
path timing that should be tracked from among the timings 
of the path candidates, based on a result of the detection 
and the predetermined decision standard; 

a phase-difference calculating step of comparing a 
predetermined reception reference timing given from the 
outside with the optimumpath timing, and calculating a phase 
difference between the two; and 

a timing correcting step of correcting the reception 
reference timing by controlling a clock based on the phase 
difference . 
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17. The timing correcting method according to claim 16, 
wherein 

the optimum-path selecting step has a "path selection 
status", a "forward alignment status", and a "tracking-path 
holding status" as statuses, 

during the "path selection status", the optimum path 
timing is selected from among the path candidates based on 
the detection correlation value or the predetermined 
decision standard, and thereafter the status is shifted from 
the "path selection status" to the "tracking-path holding 
status " , 

during the "tracking-path holding status", a result 
of a detection of a latest path is compared with a timing 
of a current optimum path thereby to decide whether a path 
updating processing is to be carried out or not, and the 
updating processing is carried out when a path exists that 
satisfies a predetermined updating condition as a result 
of the comparison, and the status is shifted from the 
"tracking-path holding status" to the "forward alignment 
status" when paths do not exist within a range of an error 
of a predetermined number of samples prescribed in advance, 
and 

during the "forward alignment status", a current 
optimum path timing is held when apath exists within a number 
of forward alignment stages even when paths do not exist 
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within the range of an error of a predetermined number of 
samples prescribed in advance, and the status is shifted 
from the "forward alignment status" to the "path selection 
status" when no continuous paths exist over or above a number 
5 of forward alignment stages. 

18. The timing correcting method according to claim 17, 
wherein 

the decision reference generating step has a "path 
10 selection status " , a "backward alignment status " , a "forward 
alignment status", and a "tracking-path holding status" as 
statuses , 

during the "path selection status", a timing of an 
allocated path is output based on a result of the detection, 

15 and thereafter the status is shifted from the "path selection 
status" to the "backward alignment status", 

during the "backward alignment status", a result of 
a latest path detection is compared with a timing of a current 
output path, and the status is shifted from the "backward 

20 alignment status" to the "path selection status" when paths 
do not exist within a range of an error of a predetermined 
number of samples prescribed in advance, and when a path 
exists within a range of an error of a predetermined number 
of samples prescribed in advance and further when paths exist 

25 continuously over or above a number of backward alignment 
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stages, the status is shifted from the "backward alignment 
status" to the "tracking-path holding status", 

during the "tracking-path holding status", a result 
of a detection of a latest path is compared with a timing 
5 of a current output path thereby to decide whether a path 
updating processing is to be carried out or not, and the 
updating processing is carried out when a path exists that 
satisfies a predetermined updating condition as a result 
of the comparison, and the status is shifted from the 
10 "tracking-path holding status" to the "forward alignment 
status" when paths do not exist within a range of an error 
of a predetermined number of samples prescribed in advance, 
and 

during the "forward alignment status", a current 
15 optimum path timing is held when a path exists within a number 
of forward alignment stages even when paths do not exist 
within the range of an error of a predetermined number of 
samples prescribed in advance, and the status is shifted 
from the "forward alignment status" to the "path selection 
20 status" when no continuous paths exist over or above a number 
of forward alignment stages. 
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ABSTRACT 

In the timing correcting device, a RAKE path detecting 
circuit 1 detects a plurality of path candidates to be tracked, 
from a reception signal, and outputs a "timing of a path" 
5 and a "detection correlation value" corresponding to each 
path candidate, as a result of the detection. Next, each 
tracking-path candidate deciding circuit (2a, 2b, 2c, . . . ) 
generates a predetermined decision standard that is 
necessary for selecting an optimum path timing from timings 

10 of the path candidates, based on an individually allocated 
result of the detection. Further, the tracking-path 
selecting circuit 3 selects a timing of an optimum path to 
be tracked, based on the result of the detection and the 
predetermined decision standards. Then, a comparator 

15 circuit 5 compares a predetermined reception reference 
timing given from the outside with the optimum path timing, 
and calculates a phase difference between the two. Last, 
the timing correction control circuit 6 controls a clock 
based on the phase difference, thereby to correct the 

20 reception reference timing. 
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As a below named inventor, I hereby declare that: 




My residence, post office address and citizenship are as stated 
next to my name. 




I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

METHOD OF AND DEVICE FOR 
CORRECTING A TIMING 




the specification of which 
[29 is attached hereto. 
□ was filed on 

as United States Application Number or 
PCT International Application Number 

and was amended on 
(if applicable). 


£ S£¥ L "C V 'SCt^CC tC|gH/! Lit, 


I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 


*it. 


I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 


Page 1 of 2 



8/97 



•ii i ;; ir-i, ■«",!! K i as .„ ifii 3'. mm&tetvvi'^ 



Japanese Language Declaration 



fttt. *Hr£ft 35353! 1193% (a) - (d) *X{i365^ (b) Jgu: 
S13fFt£&7J 3^J365 (a) §i;l^< S^ittiJ^. XJifl-ST'CO^ 

Prior Foreign Application(s) 



(Number) 



(Country) 



(Number) 

(S°) 



(Application No.) 
(iti M**) 



(Filing Date) 
(iBSHB) 



365^% (c) tcS^<tg*iJ£c:CC£fgL£-fo ifc. *ttlMcD§ 

5 *l^77 rS-c^fefT-r s ^o^ff as sacral S *l-Ci »4i »R 



(Application No.) 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

□ □ 

Yes No 



(Day/Month/Year Filed) 



(Day/MonttVYear Filed) 



□ 
Yes 



□ 
No 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Ring Date) 
(ffiHB) 



I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, I acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 
(Status: Patented, Pending, Abandoned) 

(To : ^fffpom, &m*. Wimm) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
2 of ^ 
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Cit, Z enshi P Japanese 




Post Office Address c/o Mitsubishi Denki 
Kabushiki Kaisha 
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